We investigate Terahertz (THz) radiation from a ZnSe large aperture photoconductive antenna (LAPCA). The saturation fluence is seen to be significantly different for above and below band-gap excitation, and in comparison to GaAs substrates, shows strong potential as a high-power THz emitter.
Introduction
There is a recent surge in the research on high-energy ultrashort terahertz (THz) pulses, which are being driven by strong needs for applications in imaging, security, and nonlinear THz spectroscopy. Currently, many groups use optical rectification in nonlinear crystals (such as LiNBO 3 and ZnTe) to generate multi-µJ, few-cycle THz pulses [1] [2] , which has been used to explore a new area of nonlinear THz experiments [3] . However, since the process involves the conversion of infrared photons to THz photons, the current maximum efficiency is limited to about 10 -3 . On the other hand, large aperture photoconductive antennas (LAPCA) are an attractive method to overcome such limitations, since the intensity of THz radiation from these sources is extracted from an externally applied bias field. The radiated far-field THz electric field is expressed by [4] :
Where e is the electronic charge, µ is electron mobility, E b is the applied bias field and n(t) is the carrier concentration. From eq. (1), we can see that the maximum applied bias field determines the maximum THz field amplitude. Therefore, we need to choose a substrate with large dielectric breakdown strengths for high-intensity THz generation. For example, many THz sources have used GaAs, since it can be pumped above the band gap using a Ti:sapphire laser. However, its dielectric breakdown voltage is only 10 kV/cm, which has limited the largest reported THz pulse energy to 0.8 µJ from GaAs LAPCA [5] . Diamond is a natural alternative as substrate to improve the conversion efficiency, due to its large breakdown voltage of 1,000 kV/cm [6] . However, efficient operation of diamond switches requires pumping above its high band-gap (5.6 eV), which in turn requires high-energy ultraviolet sources that are difficult to generate, and that results in a narrow THz spectrum. ZnSe is a good compromise between GaAs and diamond, since it has a high breakdown voltage (75 kV/cm), and also has a band-gap (2.67 eV) that is easily accessible by the second harmonic of a regular Ti:sapphire laser.
In order to further circumvent the problem of breakdown and to reduce RF noise arising from the high bias voltage, an interdigitated electrode design is very useful [7] . Our goal is to make an intense THz source using an interdigitated ZnSe LAPCA. However, to ensure that the emitter remains as efficient as possible, we need to operate the emitter in the THz-field-screening regime rather than the space charge-screening regime. In the present report, we will study THz emission from ZnSe above (400 nm pump) and below (800 nm pump) the band-gap [8], demonstrating a much higher conversion efficiency when excited above the band-gap, and the results will be compared to a GaAs LAPCA.
Experimental results
In our experiment, a 10 mm square [100] ZnSe crystal with 0.5 mm thickness was used as the photoconductive substrate. The electrode pattern was fabricated using conventional photolithography technique. The contacts were in Ti/Au. The gap size is 8 mm. The laser used in this experiment provides 2.2 mJ, 130 fs pulses at 800 nm wavelength and 1 kHz repetition rate. A BBO crystal was used to generate the second harmonic of the Ti:sapphire laser at 400 nm. The THz electric field was detected by free-space electro-optic sampling in a [110] ZnTe crystal with a thickness of 1 mm. Fig. 1 shows the THz pulse shape from a ZnSe LAPCA pumped by 400 nm lasers and its spectrum. The FWHM of the main pulse is 0.55ps. The THz spectrum has a maximum at 0.15THz and the bandwidth extends up to 2.4 THz. Fig. 2 shows the saturation of the THz peak electric field from a GaAs and a ZnSe LAPCA as a function of the pump fluence .
We demonstrate that the saturation fluence is 112 µJ/cm 2 at 400 nm and 650 µJ/cm 2 at 800 nm for a ZnSe LAPCA. These values are much higher than the saturation fluence obtained for a GaAs LAPCA (10.5 µJ/cm 2 ). This could be attributed to the different value of the hall mobility (600 cm 2 /Vs for ZnSe against 3000 cm 2 /Vs for GaAs). We also notice that for a ZnSe LAPCA, the THz peak electric fields are the same at saturation when it is pumped at 400 nm and 800 nm. Our results show that to ensure that the THz emitter remains as efficient as possible, it is necessary to use the 400 nm wavelength and pump the emitter above the band-gap.
Conclusions
We generated THz radiation from ZnSe LAPCA pumped using 400 nm and 800 nm lasers. We find that the saturation fluence is 112 µJ/cm 2 at 400 nm and 650 µJ/cm 2 at 800 nm, thus showing that the THz efficiency is significantly higher at 400 nm than at 800 nm. We also study the effects of the pump pulse duration on the THz radiation, and will present results on our preliminary studies of the cross-over between the THz and space chargescreening regimes. These studies are critical in designing a high power ZnSe interdigitated photoconductive antenna, which can be competitive with the highest energy pulsed THz sources currently available. [3] L. Razzari, et al, "Nonlinear ultrafast modulation of the optical absorption of intense few-cycle terahertz pulses in n-doped semiconductors," Phys. Rev. B 79, 193204 (2009) .
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